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Abstract 

We construct dual supergravity descriptions of field theories and little 
string theories with light-like non-commutativity. The field theories are re- 
alized on the world- volume of Dp branes with light-like NS B field and M5 
branes with light-like C field. The little string theories are realized on the 
world-volume of NS5 branes with light-like RR A fields. The supergravity 
backgrounds are closely related to the A = 0, B = 0, C = backgrounds. We 
discuss the implications of these results. We also construct dual supergravity 
descriptions of ODp theories realized on the worldvolume of NS5 branes with 
RR backgrounds. 
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1 Introduction 



Non-commutative field theories, open string theories and open membrane theories 
have been extensively studied recently. These theories are realized on the world- 
volume of Dp branes with a nonzero NS B field and M5 branes with nonzero C 
field. 

While space non-commutativity can be accommodated within field theory 
||, [J, space-time non-commutativity seems to require string theory for consistency 
].[] However, it was argued in [25] that light-like non-commutativity (that 



is, [x^x 1 "] = iO^ , where 9^ v is light-like, e.g. 9 +2 ^ 0) can be realized within field 
theories. One of the aims of this paper is to construct dual supergravity descriptions 
of such field theories in various dimensions. The field theories are realized on the 
world-volume of Dp branes with light-like NS B field in a particular decoupling 
limit. 

Of particular interest is a six dimensional field theory with light-like noncom- 
mutativity realized on the world-volume of M5 branes with light-like C field. This 
theory is conjectured to have a DLCQ matrix description as a quantum mechanics on 
the resolved moduli space of instantons with the light-like C field corresponding to 
the resolution parameter. We will construct a dual supergravity description of this 
theory. We will see that the supergravity descriptions of field theories with light-like 
non-commutativity are closely related to those without non-commutativity, and we 
will discuss the implications. 

Another class of interesting theories are the non- commutative little string theo- 
ries. These theories are realized on the world-volume of NS5 branes with light-like 
RR A fields. We will construct dual supergravity descriptions of these theories. 

A second aim of this paper is to construct dual supergravity descriptions of 
theories realized on the worldvolume of NS5 branes, whose excitations include light- 
open Dp branes (ODp) || p3|] . Such backgrounds are obtained from NS5 branes 



with near critical RR fields. 

The paper is organized as follows. In section 2 we construct Dp brane, M5 brane 
and NS5 brane solutions corresponding to theories in various dimensions with light- 
like non-commutativity. We also discuss some salient aspects of these solutions and 
what we learn from them about the corresponding field theories. In section 3 we 
construct supergravity solutions of NS5 branes with RR backgrounds and obtain 
dual supergravity descriptions of ODp theories. As an application, we compute the 
absorption cross section of a graviton polarized along the world-volume. 

2 Branes with light-like background fields 



1 Dual supergravity descriptions of these theories have been constructed in |j| [To). Further 
interesting progress in the study of theories with space-time non-commutativity has been made in 
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2.1 Construction of D-brane solutions 

Our aim is to construct supergravity backgrounds with Dp brane charge and a in- 
field with components B_ 2 . We will start with the D3 brane case. The construction 
can be done by performing an infinite Lorentz boost in the x 1 direction on the known 
II ^6] D3 brane background in the presence of a Bi 2 field. A finite Lorentz boost 
gives the following background 

ds 2 = f-^[-dx 2 + dxl + ^-(dx 2 1 + dx 2 2 )] + f^(dr 2 + r 2 dnl) , (1) 

H 

t 1 a' 2 R* u n a' 2 R A 2 
/ = 1 + — — , H = 1 + — — cos a , 

e ^ = 9sT7 , F 0123r = — COS ttj-drf' 1 , 

ti g s ti 

B = tana H^ 1 dx\ A dx 2 , A = — sin a f~ l dx A dx 3 , (2) 

9s 



where 



x = cosh 7 x — sinh7 x± , X\ — — sinh7 x + cosh 7 X\ , (3) 



or x + = e J x + , X- = e 7 a;_, with x± = ±xo + x\ , and A is the RR 2-form. Note 
also that Fo i23r = F i 2 3r- 
We obtain 

1 / a' 2 R A 

ds 2 = f~z [ — dx\ + dx\ + dx\ + —dx\ H — — — — sin 2 a(cosh7 dx\ — sinh7 dx ) 2 } 

H Hr 

+ f l 2(dr 2 + r 2 dQl) , (4) 

26 2 f 7-1 1 fa e— 1 

e v = g — , F 0123r = — cos a— d r / , 

9s H 

Bq 2 = — tanasinh7 H -1 , £>i2 = tan a cosh 7 H" 1 , (5) 

A 3 = — sin a cosh 7 f~ l , Ai$ = sinasinh7 f^ 1 . (6) 

9s 9s 

The fields take the following asymptotic values 

B^ = — tanasinh7 = E , B^ = tan a cosh 7 = B , (7) 



.„ 1 . , VB 2 -E 2 cosh 7 

A m = — sin a cosh 7 = . , 

03 9s g s Vl + B*-E* 

1 . yg^gsmh7 
A, = sma smh 7 = 

13 9s g s Vl + B*-E 2 
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B™ = E = -b, B? 2 =B = b, A™ = - = -A% 



where we have used B 2 — E 2 = tan 2 a. To have only light-like B-field components, 
we now take the infinite boost limit, 7 — > 00. At the same time, we must take the 
limit a — > with 

e 7 tan a = finite = b . 
In this limit the asymptotic values of the gauge fields simply become 

b 

9, 

We obtain the background 

a' 2 R 4 b 2 

ds 2 = /~5 [dx + dx_ + dx\ + dx\ H -^—dx 2 J\ + /a (rfr 2 + r 2 dfi 2 ) , (9) 

e 2 * = <? s 2 , F 0123r = , 

5 = bf- 1 dx„ Adx 2 , A = -—bf' 1 dx„ A dx 3 . (10) 

9s 

Note that this is a constant dilaton solution representing a wave travelling on the 
D3 brane, but with B and A fields. The same background is obtained by a simi- 
lar procedure by starting with the purely electric field configuration B 03 7^ and 
performing a Lorentz boost. An alternative derivation by dualities is described in 
subsection 2.3. 

Let us consider the decoupling limit a' — > 0. Before taking the limit, it is 
convenient to redefine the coordinate x + — ► x + — b 2 x_. The metric (H) takes the 
form 

ds 2 = f-ildx+dx- + dx\ + dx 2 3 - jdx 2 _] + fi(dr 2 + r 2 dnl) , (U) 

We set as usual r = a'u, with u fixed. In addition, in order to have non-vanishing 
gauge fields B and A after a' — > 0, we must rescale b by introducing 6 = a'b= fixed. 
So it, i?, b, g s remain fixed. We get the following background 

/ w 2 b 2 du 2 \ 

ds 2 = a'\ -—\dx_dx + + dxi + dx\ — -—u 4 dx 2 ] + R 2 — — + R 2 dVLl ) , 
V-R 2 z 6 R A u V 
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e 



2<p = 9 2 s , F 0123r = a' 2 —u 3 , R 4 = Ang s N = 2g 2 YM N , (12) 



~ u b u 

B = a 'b-^j dx_ A dx 2 , A = —a' — — dx- A dx s , x± = X\ ± x . 
R 4 g s R 4 

Note that g s was maintained fixed and b —>■ 00 in the decoupling limit, in accordance 
with the field theory analysis of . 
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The above solutions can be easily generalized to the case of the Dp branes, with 
p = 2, 5. A similar procedure gives the following solution representing a wave on 
the Dp brane: 



5-2 = 6/" 1 , .1'V/ -/ ' (13) 

9s 

where A^" 1 ' is an RR (p — l)-form. Note that for D2-brane we have a one-form 
A x _. There is also the usual RR form which gives the Dp-brane charge. The gauge 
coupling is 

9ym = W 2 9s a' 2 ^ . (14) 
The decoupling limit is obtained by rescaling variables as follows: 



b = a'b 



r = au , 

and taking the limit a' — > with u, b, <?ym fixed. 
We get 

p — 3 1 p ^2 

ds 2 = a '~^ (u b ~ p [dx_dx + + dx\ + ... + dx 2 p - b 2 ^—dx 2 _] + A-^- + XdVt\^ p j , 

^_ 2 ^(p-3)(7- p ) 1 (A^- 3 )i( 7 ~p) 
6 ~ ^ YM (2tt)^ 2 A^- 3 ) ~ iV c p (2vr) P -2 ' A " C * 9 ™ N ' 

~ u 7 ~ p 

B = a'b — - — dx- A dx-i . (15) 



2.2 Light-Like Non- commutative SYM 



The Dp brane background (|15|) should provide a dual supergravity description of 
the p + 1 dimensional light-like non-commutative super Yang-Mills theory, where 
9^ u has only non-vanishing 9 +2 = —9 2+ components. Since the parameter b can be 
scaled away from the metric by a;_ — > x^/b, x + — > the curvature invariants are 
independent of 6. They are functions only of the coordinate u, and therefore they 
must be the same as in the (commutative) 6 = case. Thus the regime of validity 
of supergravity approximation is as in the commutative case. 
The curvature of the metric in eq. (|15"D has the behavior 

i 2 n ~ — , (16) 

9ett 
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where we have defined a dimensionless effective gauge coupling g eS 



& = 9ym Nu p ~ 3 . (17) 

As usual, when g e g <C 1 the perturbative field theory description is valid, while 
when g c s ^> 1 the dual supergravity description is valid. The expressions for the 
dilaton and curvature thus indicate that the phase structure of the non- commutative 
light-like theory is similar to that of the ordinary Dp-branes. 

Let us now consider the case p = 3 in detail. The D3 brane background ( |T2| ) 
provides a dual description of 3 + 1 dimensional super Yang-Mills theory with light- 
like non-commutativity. The solution fll2|) is the first example of a constant dilaton 
solution describing a non-commutative field theory. Remarkably, this geometry has 
also constant curvature invariants, e.g. 7Z, IZ^TZ^ , and TZ^ U , which have just 
the same values as in the AdS$ x S 5 case. The fact that they are constants can 
be understood from the invariance of the metric under the scaling u — > c u, with 
an appropriate rescaling of x + , x_, x%, X3. In particular, although the Weyl tensor 
has some non-vanishing components, the square Weyl tensor C" 1 ^ is identically 
zero. Along with the fact that the dilaton is constant, this suggests a mild energy 
dependence of the gauge coupling. In the low energy region u = 0, the metric 
approaches AdS§ x S 5 , which is consistent with the expectation that the low-energy 
theory should be described by the usual M = 4 SYM theory. 

For g s 1, the dilaton is large and we have to use the S-dual picture. The 
S-dual background is simply obtained by g s — > l/g s and exchanging the gauge fields 
B and A, which gives 5_3 and A_2 non-zero components. Therefore the strong 
coupling limit of SYM theory with light-like non-commutativity is another NCSYM 
theory with non-commutativity in light-like directions, but with 9 +3 instead of 6 +2 . 
The exchange of 2-3 directions can be undone by an 50(2) rotation in the plane 
X2-X3, since light-like NCSYM theory is invariant under such SO (2) transformations 
(see also More general SL(2,R) transformations only mix the B_ 2 and A_ 3 

components and introduce a constant RR scalar field \ (which in the low-energy 
Yang-Mills theory gives rise to a B term G / FF). 

The supergravity background (|I2"D is notably simple, in fact, given by a simple 
perturbation of the AdS 5 x S 5 background: 

g^u -> g»v + , 8g— = -b 2 , (18) 
6B. 2 = b - t , M_ 3 = --^. (19) 



The form of the perturbations flTB|), ( jTD| ) implies that as an expansion in the non- 
commutativity parameter b the first-order perturbation around the M = 4 back- 
ground is exact. Note in comparison that for spatial non-commutativity, say in 
coordinates X2,x%, there are infinite number of terms in the expansion in the non- 
commutativity parameter around the Af = 4 background. This suggests that there 
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could exist a simple modification of the M = 4 SYM theory Lagrangian which turns 
it into a light-like non-commutative SYM theory. The pure gauge theory part of the 
dimension six SCFT operator corresponding to SB^2 is [27 



F 2m F mk F k ~ + - A F lm F ml F~ 



(20) 



A question of interest is whether the resulting theory, after adding a perturbation of 
the form Oq5B-2 to the SYM action, is exactly equivalent to the non- commutative 
field theory action. This is not the case and one can check that with light-like non- 
commutativity there are still infinite number of terms. In particular, in the abelian 
case one can compute the NCSYM action using Seiberg-Witten map 0, and show 
that the Lagrangian contains arbitrary powers in # +2 .Q 

Thus, while in the perturbative SYM description there are an infinite number 
of terms, there seems to be a simplification at strong t' Hooft coupling g s N. The 
S-duality symmetry of the theory is not useful in this limit, since the simplification 
seems to take place at strong 't Hooft coupling g s N and large N, but g s <C 1. A 
possible explanation for the simplification at strong coupling is an existence of a 
simple resummation of the perturbation series. 

The strong coupling expansion is different from that of the ordinary M = 4 
SYM theory, since the geometries of the corresponding supergravity backgrounds 
are different. From the field theory point of view, now the Lagrangian contains a 
dimension 6 operator, and the resulting theory is expected to be non-renormalizable. 
In the spatial NCSYM theory it is important to have an infinite series of terms. If 
there are only a finite number of terms it is hard to see why renormalization works. 
Renormalizability in the light-like non-commutativity seems to work in the same 
way as in the spatial NCSYM theory, in the sense that the divergences in the planar 
diagrams are taken care of as in the SYM case. For the non-planar case, as long 
as (po — pi) 2 7^ there are no divergences, whereas when (p — pi) 2 = we get 
the divergences that are interpreted as IR divergences 0. It is worth noting that in 
a gauge A_ = the new interaction ( PD| ) will always involve multiplicative factors 

which may lead to an improvement of the IR behavior of non-planar diagrams. 
Clearly, a more detailed analysis is needed in order to understand the structure of 
perturbation theory for the M = 4 SYM theory with light-like non-commutativity. 



2.3 M5 brane with light-like C field 

To find a solution representing an M5 brane in the presence of a light-like C-field, 
we can proceed as above and boost the M5 brane solution with C345 component |§ , 

2 Howcver, it is interesting to note that in the particular case that F-2 = 0, the series truncates 
and the full Lagrangian contains only the usual SYM action plus a linear term in 9 +2 . 
3 We would like to thank J. Gomis for a discussion on this point. 
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in the direction x%. This is 
< = - K + d x? + A© + + ^ + A© + + ^ , (21) 

/ = 1 + , fc = 1 + cos 2 a , i? 



r 3 ' r 3 cos a 

dC3 = sina df~ x Adx^Adx \Adx 2+ cos a 3-R 3 ZpC4— 6 tana dk~ x Adx^Adx^Adx^ , (22) 

where by e 4 we denote the volume form of the 4-sphere, and we have made the 
Lorentz boost 

x = cosh 7 xq — sinli7 x 3 , x 3 = — sinh7 x + cosh 7 x 3 . (23) 
Now we take the limit 7 — > 00, a — > with e 7 tana = 6=fixed. We get 
ds\ x = /~s [dx + dx_ + dx\ + (ir 2 , + dx\ + fix 2 

- jdx 2 _] + fl(dr 2 + r 2 dnl) , (24) 

dC 3 = bdf' 1 A dx_ A dxi A dx 2 + 3i? 3 / 3 e 4 - Qbdf~ l A dx^ A dx 4 A dx 5 . (25) 

where we have redefined x + — > x + — b 2 x~. This represents a gravitational wave 
moving parallel to the M5 brane. 

The decoupling limit is taken by rescaling variables as follows: 

r = l 3 pU 2 , b = l~% . (26) 

and then taking l p — > with fixed u, R, b. We obtain 

/ u 2 b 2 
ds 2 ^ = I 2 ( r \dx+dx_ + dx 2 + dxi + dx\ + cfa; 2 , u 6 dx 2 ] 

+ ( vr iV)l[^! + ^]) , (27) 

/66m 5 366u 5 \ 

<iC 3 = it ( du A dx_ A dx\ A dx 2 + SrcNe^ du A dx_ A dx± A dx 5 ) . (28) 

p \ ixN rrN J 



At low energy (small u) the background (|27|) , (|28|) reduces to AdS 7 x S* 4 as 
expected. The curvature invariants are the same as in the AdSj x S A case (again 
by virtue of the symmetry under rescalings of b, combined with a rescaling of co- 
ordinates). The background (P7|), ( |2"%D provides a dual description of the (0,2) 
theory perturbed by a dimension nine operator. This theory is conjectured to have 
a matrix-like description as the quantum mechanics on the resolved moduli space 
of instantons. The light-like C field is interpreted as the resolution parameters (the 
Fayet-Iliopoulos parameters of the + 1 Yang-Mills theory) |28| (see also p9| ). 
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An alternative derivation of the solution is by using as starting point the 



supergravity solution of M5-branes in the presence of C field with rank 4 [10] 
ds 2 = hr% 



f~* i-dx\ + hdx 2 123A + h 2 (dx 5 - Cdx ) 2 ^j + fl(dr 2 + r 2 dQ 
nNl 3 

f = 1 + h- 1 = S m 2 6f- 1 + cos 2 6 , C = sm 2 er 1 , 

cos z 9r a 

C i2 = cos 9 sin 9f~ 1 h , C 345 = tan 9f~ h , 

C 03 4 = cos6 sin6 f- l h , C 125 = tan Of^h . (29) 

Dimensional reduction along the direction x§ gives the D4 brane supergravity back- 
ground in presence of a B-field with magnetic components. The infinite boost limit 
can be taken by introducing 

Xq = Xq COS 6 , X5 



cos 9 



and taking the limit 9 — > 7r/2 with fixed xo, X5, r and /ixeo? lp. In this way one 
reproduces the background fl24|). The Dp brane backgrounds can then be obtained 
by dimensional reduction along either of the coordinates (1, 2, 3, 4) and T-dualities. 

2.4 NS5-branes with light-like RR fields 

By an S-duality transformation on the D5-brane solution, given by eq. (|13|) with 
p = 5, one finds the solution representing type IIB NS5-branes in the presence of a 
light-like RR A field: 

5 b 2 

ds 2 = dx-dx + + dx 2 jdx 2 _ + f(dr 2 + r 2 dVL\ 



3) 7 

i=2 



/ 

Nl 2 



f = 1 + '-^ , e 2 * = g 2 J , l s = vV , 

A- 2 = -r 1 , A_ 3 45 = --r 1 . (30) 
9s 9s 

Using T-duality one can also find the type IIA NS5-branes with light-like RR fields. 
T-duality in the direction 22 gives an NS5-brane in the presence of light-like RR 
one- and 4-forms, 

a- = -r 1 , a. 2U5 = --r 1 , (31) 

9s 9s 
with the same metric and dilaton fields. T-duality in the direction £3 gives an 
NS5-brane in the presence of light-like RR three-form, with components 

A.23 = -r 1 , = --r 1 . (32) 

9s 9s 
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The decoupling limit for these NS5-branes with light-like gauge fields is taken in 



the same way as that for the usual NS5-branes |25|], namely, g s — > and L,=fixed, 
but in addition we have to rescale b = g s b, r = g s l s u with fixed b and u. Setting 
u = Nh z/ro , with r = l s VN, we get for the type IIB NS5-branes (H) 



ds 2 = dx-dx+ + Y / dx 2 i -b 2 e 2z/ro dx 2 _ + dz 2 + r 2 dtt 



2 

3 > 



A_ 2 = be 2z l T \ A _ U5 = -be 2z / r \ 0= . (33) 

For the Type IIA NS5-branes, the metric and dilaton are the same, and the gauge 
field components in eqs. (|31|), fl32|) become A_ = b e 2z ^ r °, etc. These backgrounds 
provide dual descriptions of non-commutative little string theories. The deformation 
parameters are the light-like RR fields. The phase structure of the theories is the 
same as the ordinary little string theories. They are characterized by the linear 
dilaton behavior. 

The Type IIB NS5-brane has a DLCQ description as a low energy SCFT of the 



Coulomb branch of a 1 + 1 dimensional gauge theory |30| , |3T| , |32f . In this case, the 
deformation parameters are identified as mass parameters. For the Type IIA NS5- 
branes, the DLCQ deformation corresponds to turning on a Fayet-Iliopoulos term 



32[ in the corresponding 1 + 1 dimensional gauge theory p3L |3~4f. 



3 NS5-branes in the presence of RR fields 

In this section we will study the theory on the Type II NS5-branes in the presence 
of different RR field strengths, which can be either electric or magnetic. The super- 
gravity equations of motion require that for NS5-branes in the presence of an RR 
magnetic (electric) (p + l)-form there is also a RR electric (magnetic) (5 — p)-form 
with p — 0, • • • , 5. Therefore the theory of NS5-branes in the presence of an electric 
(magnetic) (p+ l)-form is the same as the theory on the NS5-branes in the presence 
of a magnetic (electric) RR (5 — p)-form. For NS5-branes with a RR 3-form there is 
no difference between electric and magnetic, so there is only one case to be studied. 

The supergravity solution for NS5-branes in the presence of an RR (p + 1)- form 
is given by 



.4 



ds 2 
f 

0-p 



-dx 2 + Y,dx 2 + h dx 2 + f(dr 2 + r 2 dn 2 3 ) 



1 + 



Nil 



cos 9 r 



2 - 



sin 6 



f- 1 



p 

i=l i=p+i 

/T 1 = sin 2 6f~ l + cos 2 9 
ta.n8 



A 



(p+l)-5 



9s 



-f-'h 



e 2< " = 9 2 Jh^ 



p)/2 



(34) 



For p = 5, A(p + %y.. 5 denotes the RR scalar field. A way to find these solutions is to 
start with M5-branes in the presence of a C field (|2lD , smeared in some transverse 
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direction. By reducing on this transverse direction, one finds the type IIA NS5- 
branes with an electric RR 3-form. Other solutions are generated by T-duality. 

The decoupling limit of the above supergravity solution can be defined as the 
limit l s — > 0, keeping the following quantities fixed: 

I 2 r 

a ' cS = ^Tfl ' U = 72 ' 9 Z cff 3 = 9sl P s ~ 3 , (35) 

%Q,-,p = -j — ^0,-,p , 5(p+l),-.5 — 7T x (p+l),---,5 , IcS = J Ot' cS • (36) 
'eff ' s 

In this limit the supergravity solution becomes 



r 2 ds 2 = (l + aW) 1 ' 2 



-dx 2 + dx 2 + 7 =yfl „ V' + ^(^ 2 + w 2 ^ 2 ,) 



2„,2 



a IX 



/I "s 2 2 y* 

<7 gf 1 + aw 

fl + fl 2 2\(p-l)/2 / 

a z u z JM 

These backgrounds provide a supergravity dual description for the ODp theories 
investigated in (with coupling g\ M = g l^ 3 ). The scalar curvature of the 
metric is given by 

^ = U + ^ + yV 
AT (l + a 2 u 2 )§ 

where c\, C2, C3 are numerical constants depending only on p. Therefore for large iV 
the curvature is small and one can trust the supergravity description. 

As an application, let us now consider the absorption cross section of polarized 
gravitons. This calculation has already been done for the type IIA NS5-branes 
in the presence of an RR 3-form and type IIB NS5-branes in the presence of a 
magnetic RR 2- form in |35], [J6|, which correspond to the supergravity dual of OD2 
and OD3 theories, respectively. In general one can show that in these backgrounds 
the scattering potential for a graviton polarized along the brane directions is 

V(p) = -l + £-u?#)\, R 2 = ^~ R , (39) 
4 p z cos V 

where p = ur and uj is the energy of incoming waves. Therefore we see that after 
the decoupling limit the absorption cross section can be nonzero only for waves with 
energy uj 2 larger than ~ j—, . Essentially the same effect appears in the little string 

eff 



theories. Following [57], one can see that these theories have a mass gap of order 



^gap ~ Na' ■ ^° com P are the decoupling limit fl42 ) with that of ordinary little 



eft 



4 The supergravity description of ODp with p = 1,2 and p = 2,3 has also been considered in 
I and M, respectively. 
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string theories, it is convenient to describe the decoupling limit in terms of g s . For 
p < 2, one can take the decoupling limit of the NS5-branes in the presence of electric 
(p + l)-form as follows 



2 



9s ^0, g& = i?-L, r = gt p l s u. (40) 
cosy 



with fixed l s , u, g. In this limit the supergravity background (|34]) reduces to the same 



expression fl3T|) . This description is equivalent to a rescaling of the coordinates. In 
this way one has g s — > and l s fixed, as in the little string theory. 

The ODp theories have all the same physics at low energies: for odd p they flow 
to SYM theory in (5+l)-dimension in the IR; for even p, the theories flow to a fixed 
point in the IR described by the (0,2) conformal theory. 

In the ultraviolet regime, where the effects of nonzero RR fields become impor- 
tant, the different ODp theories exhibit different behaviors, according to the value 
of p. 

For p < 2 case, the string coupling in eq. (|37|) is small in the ultraviolet regime 
and one can trust the supergravity solution. In this region u ^> a -1 the NS5 brane 
supergravity reduces to a metric describing ordinary Dp-branes smeared in 5 — p 



directions. In the particular case of the OD0 theory, the supergravity solution fl3"7|) 
provides a supergravity description of a DLCQ compactification of M-theory with N 
units of DLCQ momentum, in the presence of a transverse M5-brane. The relation 
between M-theory and type IIA parameters is as follows: 

a' cS ~g 2 / 3 = M~i , a' eS ~g 2 = R 2 n , (41) 

where M e g if the effective eleven-dimensional Planck mass. 

For p = 3 the dilaton in ([Tj]) is constant at large u, i.e. = g. For g <C 1 the 
theory can be described by smeared D3-branes, while for g ^> 1 we have to use the 
S-dual picture describing D5-branes in the presence of a magnetic B field with rank 
two. Therefore, in the UV regime, strongly coupled OD3 theory and large N 5+1 
dimensional NCSYM theory exhibit a similar behavior. Note that under S-duality 
the parameters of the theory change as 

"cff gu'cs , 9^1, (42) 

9 

For p = 4 the dilaton is large at u ^> a -1 . In this case it means that the proper 
supergravity description is in terms of eleven-dimensional supergravity. From M- 
theory point of view, the supergravity solution is the bound state of two M5-branes 
in the directions (0,1,2,3,4,5) and (0,1,2,3,4,6) in the decoupling limit. 

For p = 5, the dilaton is also large at u ^> a -1 . The S-dual picture is not useful, 
since the transformed dilaton field is also large in this regime. Indeed, due to the 
nonzero RR 0-form (of order one), under S-duality we find ~ gau. This is in 
agreement with the discussion of M. It can be understood from the fact that, under 



11 



S-duality the system maps to a similar configuration of NS5-branes in the presence 
of electric RR 6-form. If N is the number of NS5-branes and M the charge induced 
by RR 6-form one has the relation [13] = g s jjr- In the decoupling limit 



one obtains 

N 

9 = — ■ (43) 

A similar relation is found for Dl-branes in the presence of electric B field || p75f| . 

A T-duality transformation on the background ( ]37|) implies the following relation 
between the parameters of ODp theory and OD(p-l) theory: 

£-> 9 ■ (44) 



Thus, from eqs. (¥IQ, (H2) and (H31), we see that the parameters of OM, NCOS and 



ODp theories are related in the same way as the corresponding parameters of type 
IIA, type IIB and M-theory, as expected. 



Acknowledgement: We wish to thank O. Aharony, J. Gomis and A. Tseytlin 
for valuable discussions. Y. O. would like to thank the USC/Caltech center for 
theoretical physics for hospitality during the course of this work. J. R. would like 
to thank CERN for hospitality. 



12 



References 

A. Connes, M. Douglas and A. Schwarz, "Non-commutative Geometry and Ma- 
trix Theory; Compactification on Tori", JEEP 02 (1998) 003, |hep-th/971lT63 . 

M. Douglas and C. Hull, "D-Branes and the Non- commutative Torus", JEEP 



02 (1998) 008, |hep-th/9711165 



N. Seiberg and E. Witten, "String Theory and Non-commutative Geometry", 
JEEP 9909 (1999) 032; |hep-th/99081"42| . 

N. Seiberg, L. Susskind and N. Toumbas, "Strings in background electric 
field space/time noncommutativity and a new noncritical string theory", [hep- 
th/000504q . 



R. Gopakumar, J. Maldacena, S. Minwalla and A. Strominger, "S-Duality and 
Non- commutative Gauge Theory", |hep-th / 0005048 . 



J. Barbon and E. Rabinovici, "Stringy Fuzziness as the Custodian of Time- 
Space Non-commutativity" , |hep-th/ 0005073 . 

J. Gomis and T. Mehen, "Space-time non-commutative field theories and uni- 
tarity", [Eep-th/ 0005 129 . 



R. Gopakumar, S. Minwalla, N. Seiberg and A. Strominger, "OM Theory in 
Diverse Dimensions" , |hep-th /0006062] . 

J.M. Maldacena and J.G. Russo, "Large N limit of non-commutative gauge 
theories", JEEP 9909 (1999) 025, |hep-th/ 9908 134] 

M. Alishahiha, Y. Oz and M.M. Sheikh- Jabbari, " Supergravity and Large N 
Non-commutative Field Theories", JEEP 9911 (1999) 007, Hiep-th/9909215 . 

N. Seiberg, L. Susskind and N. Toumbas, "Space/Time noncommutativity and 
causality", |hep-th/00050T5| . 

O. J. Ganor, G. Rajesh and S. Sethi, "Duality and non- commutative gauge 
theory", [hep-th/0005047| 

A. Brandhuber, H. Ita and Y. Oz, unpublished. 

T. Harmark, "Supergravity and Space-Time Non-Commutative Open String 
Theory", |hep-th/0006023| . 

[15] I. Klebanov and J. Maldacena, "1 + 1 dimensional NCOS and its U(N) gauge 
theory dual" , [hepTh/0006085 . 



13 



[16] E. Bergshoeff, D. S. Berman, J. P. van der Schaar and P. Sundell, "Critical 
fields on the M5-brane and non-commutative open strings" , |hep-th/0006112[ 

[17] G. H. Chen, Y. S. Wu, "Comments on Noncommutative Open String Theory: 
V-duality and Holography" , [hep-th/ 0006011 . 

[18] J.G. Russo and M. Sheikh- Jabbari, "On non- commutative open string theories" , 
|hep-th/000620l . 



[19] T. Kawano and S. Terashima, "S-duality from OM-theory" , |hep-th/0006225 



D.S. Berman and P. Sundell, "Flowing to a non-commutative (OM) five brane 
via its supergravity dual" , |hep-th/0007052| . 

[21] S.-J. Rey and R. von Unge, " S-duality, noncritical open string and non- 
commutative gauge theory" , |hep-th/0007089| . 

[22] R. G. Cai, N. Ohta, "(Fl, Dl, D3) Bound States, Its Scaling Limits and 
SL(2, Z) Duality", |hep-th/0007106| . 

[23] T. Harmark, "Open Branes in space-time non-commutative little string theory" , 
|hep-th/0007147| . 

[24] J. X. Lu, S. Roy and H. Singh, "SL(2, Z) Duality and 4-Dimensional Non- 
commutative Theories," |iep-th/0007168 . 



[25] O. Aharony, J. Gomis and T. Mehen, "On theories with light-like noncommu- 
tativity" , |hep-th/000623l . 

[26] A. Hashimoto and N. Itzhaki, "Non-commutative Yang-Mills and the AdS/CFT 
correspondence", Phys. Lett. B465 (1999) 142. 

[27] S. Das and S.P. Trivedi, "Three Brane Action and The Correspondence Between 
N=4 Yang Mills Theory and Anti De Sitter Space", Phys. Lett. B445 (1998) 
142; |hep-th/9804T49| . 

S. Ferrara, M.A. LLedo and A. Zaffaroni, "Born-Infeld Corrections to D3 brane 
Action in AdS 5 x S 5 and N=4, d=4 Primary Superfields" , Phys. Rev. D58 (1998) 
105029; Eiep-th/98050"82 . 



[28] O. Aharony, M. Berkooz and N.Seiberg, "Light-cone description of (2, 0) super- 
conformal field theories in six dimensions", Adv. Theor. Math. Phys. 2 (1998), 
119, |hep-th/9712TT7 . 

[29] O. Ganor and J. Karczmarek, "M(atrix)-Theory Scattering in the Noncommu- 
tative (2,0) theory", |hep-th/0007T6B; . 

[30] S. Sethi, "The matrix formulation of type IIB five-branes," Nucl.Phys. B523 
(1998) 158, |hep-th/9710005 . 



14 



O. J. Ganor and S. Sethi, "New perspectives on Yang-Mills theories with sixteen 
supersymmetries," JEEP 9801 (1998) 007, |hep-th/971207l| . 

O. Aharony and M. Berkooz, "IR dynamics of d — 2, M = (4, 4) gauge theories 
and DLCQ of 'little string theories'," JEEP 9910 (1999) 030, |hep-th/990910T 



O. Aharony, M. Berkooz, S. Kachru, N. Seiberg and E. Silverstein, "Matrix 
description of interacting theories in six dimensions," Adv. Theor. Math. Phys. 
1 (1998) 148, [hep-th/ 9707079) . 



E. Witten, "On the conformal theory of the Higgs branch," JEEP 9707 (1997) 
003, |hep-th/ 9707093 . 



M. Alishahiha, "On Type II NS5-branes in the presence of an RR field" , Phys. 
Lett. B486 (2000) 194, |hep-th/0002T9l| 



M. Alishahiha, H. Ita and Y. Oz, "Graviton Scattering on D6 Branes with B 



Fields", JEEP 0006 (2000) 002, |hep-th/ 0004011 . 



S. Minwalla and N. Seiberg, "Comments on the IIA NS5-brane", JEEP 9906 
(1999) 007, |hep-th/9904142 . 



15 



